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Abstract 
Around 1.4 million solar home systems are already installed by February 2013 in Bangladesh. In this paper, the energy and 
emission of solar home systems installed in Bangladesh are analyzed based on the field visit at the six different districts in 
Bangladesh. Study has been conducted for 40~85 Wp systems as these systems are mostly used in the rural user level. Total 
primary energy requirement including energy requirement for manufacturing and energy required to replace its components in 
the estimated project life 20 years are calculated. On the other hand, energy supply by a SHS in its entire life time is also 
evaluated based on monitoring of selected SHSs. Energy payback period for 40, 50, 65, 75 and 85 systems are found to be 6.94, 
7.47, 7.80, 7.32 and 6.91 years respectively. It is also revealed from the study that 1.4 million solar home systems in Bangladesh 
can mitigate 0.8 million ton of CO2 per year.  
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
 
Bangladesh's per capita energy consumption is very low, the lowest within the Indian subcontinent. The energy 
consumption value in the country in 2010 stands at about 205 Kilograms of oil equivalent (kgOE) which was quite 
low compared to 575 kgOE for India, 489 kgOE for Pakistan, 478 kgOE for Sri Lanka and 381 kgOE  for Nepal and 
far below the world average of 1680 kgOE [1]. Bangladesh at present generates around 6000 MW power. According 
to the Bangladesh Power Development Board, the present peak hour shortage of electricity is around 15-20% of 
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generation. This is almost 44% according to the recent report of World Bank, which suggests that still government 
has to deal with so many challenges to solve the problem [2]. More than 67.21% of the power plants are fired by 
gas. On the other hand, 2.35% and 5.52% electricity is produced by coal and diesel respectively. Hydro power is 
responsible only for 2.58% of the total electricity supply. Recently few heavy fuel oil (HFO) based power plants are 
installed in the country and that accounts around 22.34% of total electricity [3].  There are many power plants are 
not in production only due to acute shortage of gas. Due to the shortage of fossil fuel, government has focused on 
the renewable energy technology mainly on solar energy and biomass. Among all the renewable energy 
technologies, Solar Photovoltaic is an attractive option to produce electricity in large scale in Bangladesh. It also 
gain acceptance among the user due to it’s simplicity as well as produce low carbon electricity. Bangladesh is 
situated between 200 34/–260 38/ degrees north latitude and 880 01/–920 41/ degrees east longitude, which is ideal for 
solar energy utilization. The daily average solar radiation varies between 4 and 6.5 kWh/m2 [4]. Rural electrification 
through solar PV technology is popular in Bangladesh. The concept of solar home systems (SHSs) started in 1996-
97, and the rate of installation was very low initially because of high initial cost. This increased significantly from 
2004 to 2010 because of the soft credit through instalment, reduction of price and the favourable policy of 
Bangladesh government .Up to February 2013 around 1.4 million SHSs are already installed in the rural areas of 
Bangladesh [5].  
PV systems can lead to the change in the quality of life, generate income through new business development and 
reduce health hazard and risk of fire by reducing kerosene burning [6]. Effective implementation of SHS can 
contribute toward the poverty alleviation as well [7, 8]. Previous studies suggest that solar home systems in 
Bangladesh are feasible both technically and financially as well [9, 10, 11, 12]. Besides enabling small business 
owners to stay open longer, thereby significantly increasing their incomes. It also lifts some of the burden of running 
a household carried by Bangladeshi women. On top of all this, installation of the solar home systems is quick, safe 
and relatively simple.  The purpose of the paper is to analyze the energy and reduction of CO2 emission by SHSs 
installed in Bangladesh so that various stakeholders related to solar PV will glean more favourable information to 
expand this technology in the country for large scale. 
 
2. Methodology  
 
This study has been done for 40~85 Wp systems as these systems are mostly used in the rural user level in 
Bangladesh.  Information about 100 SHSs from 06 districts in Bangladesh was collected by field survey in 
December 2012 to February 2013. Rajshahi, Gazipur, Manikgong, Mymensingh Dinajpur and Rangamati were the 
districts from where the data were collected. Systems were chosen randomly where 50 systems were from rural 
market places and remaining 50 systems were from household application to have the variety of use. Life of PV 
systems is normally considered 20 years as panel life is assumed 20 years [9, 11, 12, 13, 14]. According to the 
experience gathered during field visit, 02 batteries and 01 charge controller are assumed to replace during the 
estimated 20 years project life. For the energy and emission (CO2) analysis, total energy needed for a SHS and 
amount of energy that can supply by a SHS in its entire life time is analyzed with corresponding emissions. 
Kerosene is the main fuel for lighting in rural areas, which is used in “Hurricane” or “Cuppi”. Traditional wick 
lamps (Kuppi and hurricane) used by the rural people of Bangladesh were tested to get the actual fuel consumption 
and CO2 emission per lamp per hour. Various sources have been consulted as well to get an estimate of the fuel used 
per household per month. 
 
3.  Energy and emission 
 
3.1 Energy consumption and corresponding emission by SHS 
 
A sample calculation for energy requirement for a 50 Wp SHS are presented in Table 1.  Energy requirement for 
PV module are considered 35 MJ/ Wp for multi crystalline PV module [15].   As the PV systems in the studied case 
were aluminium framed modules, energy requirement for this has been calculated. According to the estimation of  
Alsema,  1 m2
 
of PV module requires 2.5 kg aluminium frame, which requires 500MJ of thermal energy [15]. The 
area of 50Wp module is 0.45 m2
 
for multi crystalline (BP350). Based on this value, the energy requirement for 
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aluminium frame in the studied area is 225 MJ.         
Batteries are one of the significant parts of stand-alone PV systems. Alsema suggests that the energy requirement 
range for lead-acid batteries is 25 to 50 MJ/kg [15]. This value assumes 30 to 50% of lead recycling. The energy 
density of battery is typically 40Wh/kg, which gives 0.94 MJ/Wh. As the 50Wp PV system uses a 71-80 Ah battery 
@ 12V (852Wh), the energy requirement becomes 800 MJ per battery. Energy requirements for charge controller 
were very difficult to find. As most of the sources mention about the energy requirement for grid connected PV 
systems, which do not use any charge controller (rather use inverters), this particular information was not available. 
Twedell mentions that the energy requirement for a 3 kW inverter is 2,105 MJ [16]. The energy requirement in our 
calculation was worked out from this figure based on the weight comparison. BP (2003a) gives the weight of a 1 kW 
inverter is 18.5 kg and Morningstar gives the weight of a 10 ampere charge controller is 0.23 kg[17]. Based on the 
liner algebra the energy requirement for 10 amps charge controller was calculated to be 9 MJ. Most of the 
households in the rural area have tin shed roof. Therefore, to fix the module a very simple and light weight steel 
frame is used, which is screwed between the module and the roof. The weight of this structure is about 2 kg per 
system. Wheldon et al. state that the energy requirement for galvanized steel is 50 MJ/kg, which gives 100 MJ per 
system[18].Lamps, cables and fixtures, Installation, Transportation are not consider for analysis as energy 
consumption for these are very low.  
 
                     Table 1. Energy consumption for a SHS  
Components  Initial energy  
Requirement (MJ) 
Energy requirement 
 for replacement (MJ) 
PV module 1750 - 
Aluminium frame 225  - 
Battery 800  1600  
Charge controller 9 09  
Mounting structure 100  100  
Total initial energy requirement 2884  - 
Total Energy required for replacement - 1709 
Grand total (Initial +  replacement)                                                                           4593 MJ 
 
From these calculations, it is found that total primary energy requirement for a 50Wp in its total life of 20 years is 
4593 MJ. As the all energy used in manufacturing and replacement of PV system is in the form of electricity, the 
total emission can be obtained very easily. Study suggests that the emission from electricity generation is 0.055 kg 
CO2/MJ [15]. This gives emission for 20 years from a 50Wp is about 253 kg. Similarly total energy requirement and 
corresponding emissions for 40, 50, 65,75 and 85 Wp  systems for 20 years life time are calculated and presented in 
table 2.  Higher Wp systems require more energy than lower Wp  systems as larger systems require comparatively 
larger panel and higher Ah battery.   
 
                                        Table 2. Energy requirement and CO2 emission for different Wp systems in 20 years 
System Wp Energy requirement (MJ) Production of CO2  
emissions, kg 
40 3657 201 
50 4593 253 
65 6165 339 
75 7240 398 
85 7969 438 
 
3.2 Energy supplied and emission reduction by SHS 
 
Design of 50 Wp system allows 112 Wh/day (source: field visit) and this gives around 40.88 kWhe per year that 
means 3400 kWhth or 12303MJth (by considering 25% conversion rate) in 20 years. Kerosene is the main fuel for 
lighting in rural areas, which is used in “Hurricane” or “Kuppi”. Various sources have been consulted to get an 
estimate of the fuel used per household per month. An early study made by Cabraal  shows that kerosene 
consumption of a household using wick lamps in Sri Lanka was 0.5 to 1 litre per day i.e. 15 to 30 litres per month 
[19]. LUTW Studies made in Nepal, Sri Lanka and India reveal that the average kerosene consumption per wick 
lamp is 0.04 to 0.06 litres per hour [20]. Traditional wick lamps (Kuppi and hurricane) used by the rural people of 
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Bangladesh were tested at Bangladesh Council of Scientific and Industrial Research (BCSIR) to get the actual fuel 
consumption and the result show that the average fuel consumption per lamp was 0.042 lit/hour [9]. Assuming an 
operating hour of 4 hours, the average kerosene saved by 50Wp systems were around 20.50 liter/month that means 
4920 lit in 20 years. 
IPCC guide line suggests that CO2 emission from kerosene is 2.5 kg/liter [21]. According to a study in India, 
emission from kerosene lamp was 2.45 kg CO2/lit [14].  But this value can vary with different types of lamps. The 
traditional lamps used by the rural people were tested at BCSIR. The average CO2 emission from traditional lamps 
used by the rural people in Bangladesh was 2.41 kg CO2/liter according to the test [9].  Therefore, the total CO2 
emission reduction for a 50 Wp   system will be 11407 kg (summation of the emission reduction and emission 
produced) in 20 years. Similarly, energy supplied and corresponding emission reductions in 20 years are calculated 
for other Wp systems as well and presented in Table 3.  Based on these calculations and the ratio of various Wp 
systems found during field visit, it can be calculated that that 1.4 million solar home systems can mitigate around 0.8 
million ton of CO2 per year.  
 
                                Table 3. Energy supplied and CO2 emission reduction in 20 years 
System Wp Energy supplied (MJ) CO2  emissions reduction, 
kg  
40 10546 8800 
50 12303 11660 
65 15818 14320 
75 19773 17000 
85 23728 19700 
 
Average energy payback period for 50Wp system can be calculated by the equation 1 as stated: 
 
yearper    system PV ofoutput Energy 
years) (20 lifetime  itsin     systems PVfor    requiredEnergy   
(years) imePayback  tEnergy   
                                                                                (1) 
= 7.47 years.                                  
                                                                                                     
Similarly, energy payback periods are calculated for other Wp systems and are shown in Fig. 1. It is found that 
payback periods for  40, 50, 65, 75 and 85 systems are 6.94, 7.47, 7.80, 7.32 and  6.91 years respectively.  
 
 
 
 Fig. 1. Energy payback period for SHSs in Bangladesh  
 
During field visit, it is observed that lower watt peak and higher watt peak systems are used their full load 
capacity and that is why Payback periods increased with systems Wp and decrease again for higher Wp. Most of the 
owner of 85 Wp systems in the rural villages use PV system to enjoy television other than lighting and other needs. 
On the hand users having 85 Wp systems in the rural market places either have multiple business in the market or 
rent one or two light to their neighbour for monthly basis.  
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4. Conclusion 
 
     Solar home system is an established technology in Bangladesh. Around 1.4 million solar home systems are 
installed in the rural areas of Bangladesh. Energy payback period and CO2 emission are evaluated in this paper 
based on data collection in the six districts in Bangladesh.  Study has been conducted for 40-85 Wp systems as these 
systems are mostly used by the users. Energy requirements for 40, 50, 65, 75 and 85 systems in their estimated 20 
years life time are 3657,4593,6165,7240 and 7969 MJ respectively whereas these systems can supply 10546, 12303, 
15818, 19773 and 23728 MJ of energy in 20 years. Energy payback period is found to be 6.94, 7.47, 7.80, 7.32 and 
6.91 years for 40, 50, 65, 75 and 85 systems respectively. On the other hand, in 20 years these systems produce only 
201, 253, 339, 398 and 438 kg of CO2 respectively while can mitigate 8800, 11660, 14320, 17000 and 19700 kg of 
CO2 respectively.  It is also estimated from the study that 1.4 million solar home systems in Bangladesh can mitigate 
0.8 million ton of CO2 per year.  
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